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[Abstract]

The adoption of artificial intelligence (Al) has improved automation and efficiency in software quality
management; however, complex domain interpretation and ethical judgment still require human expertise.
Existing approaches tend to focus on either Al-driven automation or human-centered processes, with
limited integration of both. This paper proposes a hybrid software quality management framework that
combines Al automation with human expert judgment to enhance reliability and consistency. The
framework is based on four principles—role optimization, interactive feedback, multi-layered quality
evaluation, and continuous improvement—and is aligned with ISO/IEC 25010 quality characteristics.
Experimental evaluations conducted in smart manufacturing, educational Al (EduTech), and cloud service
quality management demonstrate that the proposed hybrid approach effectively improves the speed and
reliability of quality management. These results indicate that the framework can serve as a practical

model for Al-human collaborative quality management in industrial applications.

» Key words: Hybrid Software Quality Management, Al-Human Collaboration, Al Automation,
Quality Reliability and Consistency ISO/IEC 25010, Industrial Applications
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I. Introduction
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II. Preliminaries

1. Related works

B Zo]A= 017H-Al @ A(Human-Al Collaboration,
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1.1 Human-centered Quality Evaluation
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1.2 Al-driven Quality Automation
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1.3 Hybrid and Collaborative Approaches
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Table 1. Comparison of Quality Management Approaches
Type Key Characteristics Advantages Limitations
; ; ; ion: potential
Al-driven Automation-oriented High speed Lacks ethical consideration; potentia

Consistency bias

Experience and

H -center ;
uman-centered judgment-based

Contextual understanding

Flexibility Limited efficiency and scalability

Interactive feedback
between AI and human
experts

Hybrid
(Collaborative)

Combines accuracy with
accountability

Absence of unified standard
framework
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III. Designing Hybrid SofTable 1ware
Qulity Manangement’s Framework
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Table 2. Relationship between Design Principles
and Quality Attributes
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Design Principle

Corresponding Quality Attribute

Role Optimization

Performance Efficiency

Interactive Feedback

Reliability

Multi-layered Evaluation

Security and Reliability

Continuous Improvement

Maintainability and Usability

2. Phased Structure of the Framework
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Repetitive/ Collaboration Creative Problem
Standardized <4— & Feedback—» Solving
Tasks Ethical Judgment
Test Automation Domain
Code Analysis Knowledge
Defect Detection Application

S —

Integrated Quality Assessment
I
Continuous Improvement

Hybrid Quality Management Framework

Fig. 1. Structure of the Hybrid Software Quality
Management Framework

1. Principles for Framework Design
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Fig. 2. Role Distribution of Al and Human Experts
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3. Interactive Feedback and Collaborative
Process
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Joint Decision ]
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Fig. 3. Cyclical Feedback and Collaboration Process
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4. Integrated Quality Assessment Framework
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5. Continuous Improvement and Learning
Processes
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Fig. 5. Continuous Improvement Cycle
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1. Experiment

1.1 Experiment Design
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1.2 Industrial AI in Smart Manufacturing
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1.3 EduTech Platform Quality Management

1.4 Cloud-based Service Quality Assurance
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1.5 Evaluation Metrics
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Table 3. Evaluation Metrics
Metric Definition Unit
Defect Detection Rate (DDR) Ratio of detected defects to total defects %
Error Rate (ER) Ratio of false positives to total predictions %
Processing Speed (PS) Number of quality checks per hour checks/hour
Accuracy (ACC) Ratio of correctly classified predictions %
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2. Evaluation
2.1 Experimental Results
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2.3 Relationship with International Quality Standards
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Table 4. Quantitative Comparison Results across Three Domains

Domain Baseline System

Proposed Framework

Improvement

Smart Manufacturing DDR 89%, PS 72/h

DDR 94%, PS 99/h

+5.6% accuracy, +37.5% speed

EduTech ACC 82%, ER 18%

ACC 90%, ER 14%

+8.0% accuracy, —22% error

Cloud Service DDR 80%, ER 16%

DDR 92%, ER 13.7%

+12.0% accuracy, —14% error
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